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Abstract 
New type of metallic foam is processed in the form of thin sheet aluminum with longer lifetime and more reliable properties than 
currently used metal foams. The current closed cell metallic foams are highly porous and non-uniform and their deformation 
behavior is not predictable, particularly in a thin sheet form. The new material has combined rolling technique with careful 
placement of foaming agent to produce thin sheet metal foams (a metallic version of bubble wraps) with regular pore structure 
and possibility of further addition of reinforcement. Both tension test results and bending test results show improvements in 
mechanical properties of aluminum bubble wrap. 
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1. Introduction 
Metal foams are known to have many attractive properties, such as high impact energy absorption, outstanding 
physical and thermal characteristics. Due to their high strength to weight ratio and energy absorption, metal foams 
can be widely used in automotive industry to improve passenger safety. However, most of the metal foams have 
been made in bulk shape. Alporas is formed by adding blowing agent into melted aluminum (Miyoshi et al. (2000)). 
Cymat Aluminum Corporation in Canada has been producing foams by gas injection (Kenny (1996)). Rabiei’s group 
has made composite metal foam (CMF) in either casting route or powder metallurgy route (Rabiei et al. (2005), 
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Neville et al. (2006)). Although these methods provide metal foams with good quality, they could only supply foams 
in bulk shape. 
In this paper, a novel type of sheet metal foam named “metallic bubble wrap” was developed through roll 
bonding process using TiH2 as foaming agent. Design and manufacturing of metallic bubble wrap sheets and full 
evaluation of the mechanical, micro-structural and physical properties of the processed material are reported in this 
study. 
 
Fig. 1. Schematic illustrations of the metallic bubble wrap precursor preparation process. 
2. Material and Processing 
Commercial A5052 aluminum alloy sheets were cut into strips of 120 mm length, 12 mm width and 1.3 mm 
thickness by using water jet. Indentations with certain distances were formed on the surface of aluminum sheets by 
using pin punch. To eliminate contaminations and to achieve better bonding, interfaces of the strips were washed by 
acetone. 
TiH2 powder with average particle size of 60μm was applied as blowing agent in this study. TiH2 powder was 
carefully deposited into each indentation. In the next step, a blank aluminum strip with no indentation was stacked 
on the top of the punched strip and wire winded followed by roll bonding process (Fig 1.). 
Roll bonding was carried out by using DRM-130 rolling mill to achieve a 50% thickness reduction. The 
assembled precursor was heat treated in a CM Furnaces (with Eurotherm 2116 Series Temperature Controller and 
heating elements capable of reaching 1700) to release hydrogen from TiH2 forming agent, followed by air cooling. 
The finished product is shown as Fig 2. 
 
The density of the bubble wrap is evaluated by Archimedes’ principle and its porosity was calculated by: 
P bρ ρ
ρ
−
=  (1) 
where  is the density of the bubble wrap, ρ is the aluminum density. 
 
 
Fig. 2. Optical image of two strips of aluminum bubble wrap 
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3. Characterization 
3.1. Metallographic sample preparation 
Cross section samples for SEM observation were cut by Buehler ISOMET 4000 linear precision saw through the 
center of the bubbles and then grinded and polished by using Bueher Automet 2 Power Head grinding and polishing 
stations. Grinding was done by using a progression of 180-1200 grit grinding papers at wheel speed of 130 RPM. 
Polishing was done by using a progression of diamond slurries (9, 6, 3 and 1 μm particle size), all polishing was 
done using 80 rpm wheel rotational speed. The samples were cleaned in an ultrasonic cleaner between each step. 
3.2. Testing procedures 
Hitachi S-3200N SEM was applied for micro-structure observation. Three-point bending testing was conducted 
on an Instron hydraulic testing machine with cross head displacement speed of 2 mm/min. Tensile test was taken by 
using an MTS universal testing machine. The cross head speed was set at 2 mm/min. 
 
4. Results and Discussion 
4.1. Microstructure of bubble wrap 
Fig. 3a shows SEM images of the cross section of one bubble. The bonding area between top and bottom sheet at 
the corner of bubbles with perfect bonding is shown in Fig.3b. The white precipitations between strips are Ti 
particles from foaming agent dispersed during rolling process. The thicknesses of aluminum sheets were consistent 
except the punched area, which means that the strips experienced a uniform deformation during rolling and foaming 
process. Therefore, local stress concentration on the strips after foaming process was negligible. A thin titanium 
layer is observed inside the bubble (Fig. 3c). This layer is the by-product of TiH2 decomposition that precipitates 
after bubble formation. 
 
Fig. 3. (a) SEM image of the cross section of one bubble, (b) bonding area between two sheet, (c) titanium layer deposited in side bubble after 
Ti2H decomposition 
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4.2. Three point bending test of bubble wraps 
The 1.4 mm thick bubble wrap samples with indentation distances of 4, 5 and 6 mm and width as half of the 
bubble distances showed densities of 2.2, 2.4 and 2.6 g/cc, respectively. These samples were tested along with 
another exact same aluminum sheet that went through a rolling process followed by an annealing step, similar to our 
bubble wrap processing steps except no bonding and bubble formation. Three tests were conducted for each 
configuration, and the results were in the form of averaged value.  
The bending stress could be estimated as a function of the crosshead displacement as follow: 
8b
Fst
I
σ =            (2) 
where F is the bending force, s the span distance between two top rollers, t the thickness of the sample, and I is the 
moment of inertia. 
As can be seen in Fig 4a, compared with aluminum sheet, metallic bubble wraps were more bending resistant. 
Moreover, the yield stress of three point bending test shows an increase in bending strength with decreasing the 
distance between the indentations on the strip. This means the normalized bending resistant of bubble wrap could be 
improved by introducing more bubbles into the sample. A 30% bending strength improvement (50% improvement 
for normalized bending strength in Fig 4b) has been achieved on samples with 4 mm spacing between bubbles. After 
three point bending test, no crack was observed on any of the samples and they all bent plastically to form a 
complete U shape sample (Fig. 5). This result indicates that the bubble wrap produced through the roll bonding will 
not suffer from any ductility loss. 
 
Fig. 4. Comparison of (a) Bending stress and (b) Normalized bending strength of aluminum sheet without bubbles and with bubbles spaced at 
various distances of 4, 5 and 6 mm 
  
Fig. 5. Digital images showing bending test set up at zero loading and at complete U shape deformation 
a. b. 
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Fig. 6. Comparison of Tensile test results for (a) aluminum sheet without bubble and with 1, 3 and 5 bubbles, (b) zoom-in of the same graph 
showing the yield point 
 
 
4.3. Tensile test of bubble wraps 
Dog-bone shaped bubble wrap specimens with 1, 3 and 5 bubbles in reduced section (with cross section size of 
1.4 mm by 6 mm) specimens were tested along with aluminum. Tensile test for each configuration was repeated 
three times and the results were averaged. 
The tensile test result was shown in Fig. 6a. These bubble wrap samples demonstrated typical tensile behavior. 
They have an initial linear elastic region, followed by a plastic deformation region until ruptured. The ultimate 
strength was 182 MPa for bubble wrap with one bubble, 180 MPa for bubble wrap with three bubbles, 185 MPa for 
bubble wrap with five bubbles and 182 MPa for aluminum sheet. Both bubble wrap specimens and aluminum sheets 
were ruptured around strain of 0.2. Therefore the ductility of bubble wrap stays the same as aluminum sheet, even 
after large deformation during roll bonding process. 
The yielding properties of bubble wrap were shown in Fig. 6b. It can be seen that elastic modulus of all bubble 
wraps are higher than that of aluminum sheet. For bubble wrap with 5 bubbles, its elastic modulus is improved by 
10%. Up to 17% improvement on the yield strength has been achieved on the bubble wrap without any trade-off on 
the ultimate tensile strength. 
5. Summary 
A new type of metal foam that mimic the structure of bubble wrap has been fabricated via roll bonding method. 
Compared with aluminum sheet, metallic bubble wrap is lighter and possesses higher bending resistant. These 
properties will be enhanced by increasing the number of bubbles. Metallic bubble wrap could make improvement on 
the tensile strength up to 17% while bending strength is improved about 30% (50% for normalized bending strength). 
SEM images show good bonding between aluminum sheets, which is important for the mechanical properties. 
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